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(57) Abstract: A tree harvesting machine compreses a tree supporting part (1) provided with a feeding device (2) for feeding a tree 
in its longitudinal dirccton, and a cross-cutting saw (5) for cutting the tree at selectedlocations, wherein said part (1 ) is supported hy a 
boom assembly (6) or the like. At temoment of action of the cross-cutting saw (5), the tree.supporting part (1) is moved downwards, 
preferably automatically by means of the control automatics of the tree harvesting machine, in such a way that the force caused by 
the weight of the tree, tending to bend the tree (R) at the cutting point (K) and thereby tending to cleave the tree, is at least partly 
compensated for. The movement (F) is controleld on the basis of one or more varioables measured before themoment of cross^cutting. 
The movement is implemented by releasing pressurized medium by means of a valve for a short time from an actuator (7) driven by 
pressurized medium and supporting the load caused by the tree, wherein at least one of the following operating values of the valve 
is adjusted: the aperture, the duration of the aperture, and the closing rate of the aperture. 



wo 02/45482 Al lililillillillilliiiiiilliliilli 



for two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 02/45482 



PCT/FIOl/01058 



1 

Control method and apparatus of a tree harvesting machine 

The invention relates to a method for controlling a tree harvesting 
machine, which is presented in the preamble of the appended claim 1. 
5 The invention also relates to a control apparatus which is of the type 
presented in the preamble of the appended claim 15. 

The invention is intended for use in forest machines movable in the ter- 
rain, such as grapple harvesters. Such forest machines have a tree 

10 manipulating part, a grapple, at the end of an arm arranged movable in 
a body. The part comprises a cross-cutting saw for cutting off a tree 
and cutting it into lengths of determined size, as well as a tree feeding 
device for feeding the cut tree forward. Forest machines of this type are 
presented e.g. In European patent 428530, Finnish patent 79927 and 

15 US patent 4,742,854. 

Upon starting the processing of trees cut with such machines, the butt 
end of the tree is between feeding means, such as rolls or wheels, and 
it is also supported by delimbing blades. The feeding device pushes the 
20 stem past the cross-cutting saw a distance corresponding to the cutting 
length. Particularly with thick stems, the weight of the stem becomes so 
high that it tends to bend the tree at the cutting point so that the cutting 
track does not become even and damage may be caused to the tree, in 
the worst case cracks. 

25 

In a cutting situation, it is not possible to support the tree on the butt 
end side, because the cross-cutting saw is the lowest means in the tree 
manipulating part, i.e. the means closest to the butt end at the cutting 
point, and it has to fit lowest in the cutting off of the tree, Le. as close to 
30 the ground as possible. 

Swedish published specification 409431 presents a device for cutting a 
felled tree, in which the saw swinging from below upwards during the 
cutting movement is followed by a wedge means to avoid cracks in the 
35 remaining part of the tree, as well as sticking of the saw. In the swing- 
ing motion from above downwards, which is recommended for smaller 
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Stems, no auxiliary means are used to prevent cracks. Tine cutting 
device in question is not intended for a tree liarvesting macliine mov- 
able in the terrain. 

5 International publication WO 99/35900 presents a metliod in wliicti it is 
essential that the tree supporting part is moved particularly at the 
moment of cutting to compensate for this bending force due to the 
weight of the stem. By means of control automatics, a momentary 
dropping movement is produced and timed precisely at the moment of 

10 action of the cross-cutting saw, to make the bending moment at the 
time of cutting as close to zero as possible, or at least considerably 
smaller than without the movement. The function is performed auto- 
matically by means of the control automatics of the machine at the right 
moment in the cutting sequence of the stem without the operator 

15 needing to produce it by his own special manual measures by manoeu- 
vering respective actuators. 

In practice, the movement of dropping the tree to be cut, supported by 
the grapple, is accomplished by discharging some pressurized medium 

20 momentarily from the lifting cylinder of the boom assembly supporting 
the grapple. The pressure reduction can be implemented with a specific 
flow control valve which releases some pressurized medium from the 
load supporting side of the lifting cylinder for a short time. The action 
can be timed to take place e.g. at a specific work stage of the cross- 

25 cutting saw. The movement is determined by the size of the aperture, 
the open period and the closing rate of the flow control valve, which 
have been set in advance. 

By the method, it is possible to considerably reduce damage in connec- 
30 tion with the cross cutting and to avoid problems with the quality of logs 
Intended as high-quality timber. However, it has now been found that 
the downward acceleration of the tree In the grapple Is not always the 
same but depends on different factors. Thus, as the acceleration 
varies, a situation may occur, in which, under extreme conditions, the 
35 stop of the dropping movement at high accelerations becomes abrupt 
and, at low accelerations, the required effect is not accomplished and 
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the causing of a crack cannot be prevented, even though the operation 
were appropriate in most cases. 

The aim of the invention is to eliminate said disadvantages and to pre- 
5 sent a method and an apparatus for the more precise control of the 
cross cutting stage of a tree harvesting machine. To attain this purpose, 
the method according to the invention is primarily characterized in what 
will be presented in the characterizing part of the appended claim 1 . 
The dropping movement is thus dependent on one or more variables 

10 measured before the moment of cross cutting. These variables are, 
above all, dependent on the position of the tree in the grapple in rela- 
tion to the machine, and they can be detenmined in different ways; for 
example, the position data of the tree (extension of the boom assembly) 
can be measured by means of various position sensors an^anged in the 

15 boom assembly. The dimensions of the tree play also a role. It is often 
important to know the diameter of the tree and/or the load caused by 
the tree, to control the dropping movement, and this data can be 
determined, for example, by means of measuring data obtained from 
the tree to be cut off. The diameter of the tree can be determined, for 

20 example, by means of measuring sensors In the grapple. The load 
caused by the tree can be determined, for example, by means of direct 
weighing of the tree in the grapple, by using a weighing device which 
can measure the force caused by the load at the end of the boom 
assembly. It is also possible to determine the load indirectly on the 

25 basis of measuring data obtained about the tree to be cut off, for exam- 
ple by utilizing data given by measuring sensors in the grapple {e.g. the 
change in the diameter during the feeding, and the feed length). The 
load caused by the tree can thus be determined by a suitable program 
on the basis of measuring data obtained about the tree to be processed 

30 in the grapple, because these data can be used to compute the mass 
and, in a corresponding manner, the weight, when the density of the 
tree is known. The weight of the tree (based on the mass of the tree) 
may be sufficient data, but, from the weight and the positron of the tree, 
it is, in turn, possible to compute the load caused by the tree. 

35 
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The control of the down movement, depending on one or more vari- 
ables measured before the moment of cross cutting, is the control of 
the operating values Inherent in the event of movement itself (effective 
during the movement). These operating values do not Include the 
5 moment of starting the movement, which can be determined for exam- 
ple according to prior art Icnown in WO 99/35900. In the invention, it is 
the movement occurring after the moment of starting the movement 
that should be influenced, on the basis of one or more variables meas- 
ured in advance. 

10 

It is also possible to detemiine the force caused on the boom assembly 
by the tree to be cut off, supported In the grapple, and by the rest of the 
mass of the boom assembly, or a variable proportional to the force, for 
example the pressure caused by the load on the pressurized medium 

15 system. The pressure can be measured with a pressure sensor placed 
In a suitable location. The pressure sensor can measure for example 
the pressure effective in an actuator, such as a hydraulic cylinder, as a 
result of the load. On the basis of this pressure data and possibly data 
representing the dimensions of the tree, or weighing data, it is possible 

20 to control the flow of pressurized medium off this same actuator, to 
optimize the dropping movement of the tree. 

It has been found that the acceleration of the end of the boom assem- 
bly in the direction of earth's gravity Is particularly dependent on the 
25 extension of the boom assembly. When the extension of the boom 
assembly is used to predict the acceleration, the following alternatives 

are available: 

1. The extension is determined directly {e.g. position sensors in the 
boom assembly). 

30 2. The extension is detemnined Indirectly from the boom assembly by 
measuring the extension-dependent pressure or force and by 
determining the load caused by the tree, 
i) The load caused by the tree Is determined directly by weigh- 
ing with a method which is not dependent on the extension to 

35 be determined (weighing device). 
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ii) The load caused by the tree is determined mdirectly by meas- 
uring the size of the tree. 

— The location of the centre of gravity of the tree is disre- 
garded. 

5 — The location of the centre of gravity of the tree is also 

regarded. 

The ways of determining these variables have already been described 
above, and they will be discussed in more detail below. 

10 The operating values of the control means controlling the dropping 
movement are set automatically on the basis of one or more variables 
which have been measured/detemiined before the moment of cross 
cutting. 

15 The control apparatus for implementing the invention is, in turn, primar- 
ily characterized in what will be presented in the characterizing part of 
the appended claim 18. The operations of the invention can be imple- 
mented with an apparatus comprising one or more sensors for deter- 
mining one or more variables affecting the dropping movement of the 

20 tree to be cut, and computing and control means in connection with the 
sensor/sensors, arranged to determine the operating values of the con- 
trol means controlling the dropping movement and to control said con- 
trol means accordingly. Depending on the variable/variables, the means 
is controlled so that it has the most appropriate effect on the movement 

25 during the movement. 

In the following, the invention will be described in more detail with 
reference to the appended drawings, in which 

30 Fig. 1 shows a tree supporting part of a forest machine in a 
general view, 

Fig. 2a shows the part and a boom assembly in a situation of 
operation before the critical cutting stage, with a short 
35 extension, 
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Fig. 2b shows the part and the boom assembly before the critical 
cutting stage, with a long extension, 

Fig. 3 shows, in a simplified schematic view, factors which are 
5 effective during the support of the tree by means of the 

boom assembly, 

Figs 4 and 5 illustrate the dependence of the dropping movement on 
different factors, 

10 

Fig. 6 shows a hydraulic diagram for implementing the invention, 
and 

Fig. 7 shows the operation of a control means in different situa- 
15 tions. 

Figure 1 shows a tree supporting and manipulating parti, grapple, 
fixed at the end of a hydraulically driven boom assembly of a forest 
machine, in this case a grapple harvester. The frame of the grapple is 

20 equipped with a feeding device 2, which in the case shown in the figure 
consists of two feeding rollers articulated in the frame so that they can 
be moved towards the tree stem left therebetween by suitable actuators 
so that the tree stem is pressed between them, it is also possible to use 
other kinds of feeding devices. Furthermore, the body of the tree sup- 

25 porting part 1 is provided with hydraulically movable delimbing blades 3 
which delimb the branches of the tree when the stem is moving, pulled 
by the feeding device 2. The blades, positioned on both sides of the 
feeding device in the direction of the stem, can also be used to clamp 
and support the stem. At the butt end, the part 1 is equipped with a 

30 hydraulically driven chain saw 5, with which the tree stem is cross-cut 
at the butt end and thereafter cut Into logs of suitable length. 

Figures 2a and 2b show the situation after the tree R has been cross- 
cut at the butt end, it has fallen down and Is supported by the part 1, 
35 and the feeding device 2 has fed the tree stem a certain length L, the 
butt end ahead, to a first cutting point K. The chain saw 5 is arranged to 
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swing by the effect of the feeding cylinder of the saw from above 
downwards (arrow) to perform the cutting. At the cutting point K, the 
weight of the stem section fed fonward and hanging freely causes a 
bending moment which tends to bend the tree at the cutting point when 
5 the saw penetrates the tree in the direction of the arrow. Undemeath 
the cutting edge of the saw, the section to be cut is fixed to the rest of 
the tree and thereby to the tree supporting part 1 via a continuously 
decreasing area. Thus, in the worst case, the tree is broken at the cut- 
ting point, leaving a small tongue at said area in the stem that has been 
10 cut off. In a slightly generalized manner, it can be stated that this phe- 
nomenon is the same as occurs when a long tree is cut on a sawhorse 
and the portion of the tree in the air outside the sawhorse is heavy. 

At the moment of sawing, preferably already after the feeding move- 
15 ment of the saw has started, a jerk-like movement is induced by means 
of the control automatics of the tree harvesting machine in the boom 
assembly 6 supporting the part 1 in such a way that the part 1 will sud- 
denly move downwards in the direction of arrow F. The movement is 
sudden, but the length of the movement needs only to be short so that 
20 the bending moment is compensated for by the inertial forces of the 
stem R of the tree at least for the period of time until the saw has com- 
pleted the cutting. Such a movement can be generated simply e.g. by 
utilizing the weight of the boom assembly 6, the tree supporting part 1 
and the tree itself, that is, by releasing for a short time any of the 
25 actuators of the boom assembly which acts against earth's gravity and 
is capable of keeping the part 1 in its height position. 

The operating time of the cross-cutting saw 5 is very short, often less 
than a second. For stems with a large diameter, in which the cracking 

30 probleni particularly occurs, it can be longer than a second. Thanks to 
the relatively short time of operation, it is possible to use the jerking 
movement to achieve compensation for the bending moment precisely 
for the period of time which is most critical in view of the final result of 
the sawing. The movement can be timed e.g. according to the feeding 

35 movement of the saw, and it is started preferably at the time when it is 
detected by the control automatics that the feeding of the saw has 
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Started or the saw has penetrated the tree. It is important that the 
movement is not timed at a too early moment, because after the com- 
pensating movement has stopped, inertial forces will raise the bending 
moment considerably higher than the original, if the stem portion to be 
5 cut is still attached to the rest of the stem. The movement may prefera- 
bly last slightly past the cutting stage rather than fall short. The required 
lengths of movement are not long, but the movement should be suffi- 
ciently fast. 

10 Figures 2a and 2b also show a boom assembly 6 consisting of swinging 
arms and an-anged in the body of the forest machine to pivot around a 
vertical axis, a tree supporting and manipulating part 1 hanging at the 
end of the boom assembly 6. Reference numeral 7 indicates a cylinder 
supporting the boom assembly in its height position, Le. a lifting cylin- 

15 der, which is arranged to lift and to lower that arm of the boom assem- 
bly which is closest to the body. When the cut tree is supported by the 
part 1 and the saw 5 is ready to perform the first cutting, the cylinder 7 
is pressurized and keeps the boom assembly 6 in the height position to 
which it has been actively adjusted by the cylinder. When the saw 5 is 

20 in operation, the cylinder is released from pressure for a short time, 
wherein the part 1 descends correspondingly downwards in a jerl<-like 
manner. The position can be gradually restored with the cylinder before 
the next cutting operation. 

25 The actuator producing the movement according to the invention, such 
as the above-presented hydraulic cylinder, can receive its operation 
command from the position of the control means affecting the operation 
of the cross-cutting saw 5. The start of the operation of the means con- 
trolling the dropping movement (the means releasing the pressure of 

30 . the hydraulic cylinder) can be timed as presented, for example, in the 
international publication WO 99/35900. The operation can be automati- 
cally triggered e.g. by the control of a directional vdlve in the feeding 
cylinder of the saw 5; that is, after it has moved to the position produc- 
ing the feeding movement of the saw, data is transmitted to the actua- 

35 tor. It is also possible to use sensors or switches located in the part 1 
and recognizing the swinging position of the saw. In order to time the 
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Start of the operation of the means controlling the dropping nfiovement 
and the actuator effecting the movement correctly with respect to the 
cutting stage, the controlling means can be arranged to operate with a 
suitable delay with respect to the control means of the saw, for example 
5 in such a way that the movement starts first after the saw has pene- 
trated the tree In a certain depth. 

Preferably, the part 1 is lowered down in a sudden movement so that 
the action in question is dependent on the position of the cross-cutting 

10 saw. The action is synchronized with the position of the cross-cutting 
saw so that when it is in a predetermined position, a guide position, the 
control system issues automatically a command to effect a fast move- 
ment downwards. The position of the saw can be detected either indi- 
rectly by measuring time or by means of position sensing sensors 

15 placed in the part 1, e.g. on the basis of the stage of the stroke of the 
saw feeding cylinder, the action of a limit switch dependent on the 
motion of the saw, or an angle sensor indicating the position of the saw. 
The guide position is not necessarily constant but it can also be deter- 
mined by using data obtained from the measurement of the diameter of 

20 the tree and from the measurement of its feeding length, in other words 
how long a portion of the tree is free and how thick the tree to be cut is, 
these factors correlating with the susceptibility to cracking. It is thus 
possible to calculate the guide position by means of the measurement 
data immediately before the cutting of the tree, and to proceed accord- 

25 ingly. 

In the detemriination of the moment to start the downwards directed 
movement, also delays in the control system are taken into account, 
including the time constants of various valves. This can be taken into 
30 account in the detennination of the guide position of the saw. 

However, the acceleration of the falling movement of the tree support- 
ing part 1 and the tree is not constant but it depends on different fac- 
tors. Figure 3 shows said factors in a schematic view. Although the 
35 acceleration caused by earth's gravity should always be the same, irre- 
spective of the mass of the falling piece, the suspension of the tree R at 
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the end of the articulated boom assembly causes that the acceleration 
is affected by other factors, such as the extension of the boom assem- 
bly and possibly the weight of the tree or the load caused by the weight 
at the end of the boom assembly: The boom assembly 6, which can be 
5 pivoted In the vertical plane in relation to a pivot 6a and which, in the 
case shown in the schema, comprises at least two arms articulated to 
each other, constitutes a kind of a lever. The extension s of the boom 
assembly, that is, the length of the lever (the distance of the line of 
action of the load F1 at the end of the boom assembly 6 from the 

10 pivot 6a), is variable. The boom assembly 6 can also be pivoted in the 
horizontal direction, but in view of the operation of the invention, the 
boom assembly 6, the tree supporting part 1 at its end, and the tree R 
held up by the tree supporting part 1 are here considered only as a 
kinematic system pivoting in the vertical plane In relation to the pivot 6b, 

15 and particularly falling down in a pivoting movement in relation thereto. 
The extension has a particularly important effect on the acceleration in 
the direction of earth's gravity, due to the variation in the distance 
between the centre of gravity of said kinematic system and the tree R at 
the end of the boom assembly 6. If the tree R is distant from that 

20 pivot 6a of the boom assembly, around which the boom assembly piv- 
ots in connection with the dropping movement (large reach), the tree Is 
also distant from the centre of gravity of the kinematic system pivoting 
around said pivot 6a, which centre of gravity can be considered to be 
the point of action of earth's gravity. Figure 4 illustrates the acceleration 

25 of the end of the boom in the direction of earth's gravity as a function of 
the position (extension) of the boom, /.a the distance between the 
tree R and the pivot 6a of the boom assembly. 

During the operation of the tree harvesting machine, it is possible to 
30 measure the reach of the boom assembly 6 with one or more position 
sensors, such as angle sensors placed in the joints of the boom 
assembly, or position sensors of the cylinders controlling the pivoting of 
the joints. Sensors are an'anged in the boom assembly in a sufficient 
number for detemiining the distance between the end of the boom 
35 assembly (the grapple, or the tree supporting part 1) and the pivot of 
the dropping movement. Figure 3 shows one such sensor, which is an 
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angle sensor placed In the pivoting joint 6b between the arms of the 
boom assembly, indicated with reference A1 . If the length of the arms in 
the boom assembly is constant, the magnitude of the angle will indicate 
the extension at a sufficient precision. On the other hand, for example 
5 the extension of a parallel-type crane shown in Figs. 2a and 2b can be 
measured by two sensors, of which one measures the position of the 
folding joint 6b, for example by means of an angle sensor in the joint or 
by measuring the position of the actuator, such as a folding cylinder, 
having effect on the position of the joint, and the other measures the 
10 position of the movable extension of the outer boom (arm). 

The schema of Fig. 3 also shows that the magnitude of the moment, 
which is effective at the pivot 6a and dependent on the position of the 
centre of gravity of said kinematic system, can be measured by meas- 

15 uring the force F2 corresponding to this moment between the boom 
assembly 6 and a supporting point {e.g. the machine body), that is, the 
load effective between the parts on both sides of the pivot 6a caused by 
supporting the boom assembly 6 (including the tree supporting part 1) 
and the tree R. This can also be a variable proportional to the force, 

20 such as the pressure. It is thus possible to measure a variable which is, 
to some extent, dependent on the extension s. The mass, and corre- 
spondingly the weight, of the boom assembly 6 and the tree supporting 
part 1 is constant, but the size (and correspondingly the mass) and the 
position of the tree R, and thereby the load caused by the tree at the 

25 end of the boom assembly 6 may vary. Since a part of the moment 
measured via the force F2 or the pressure is formed by the product of 
the extension s and the load caused by the tree R, one should also 
know the force F1 which is effective at the end of the boom assembly, 
dependent on the tree but independent of the extension s, to achieve a 

30 better result in determining the extension. In this context, it should be 
mentioned that the arrows In Fig. 3 are not intended to illustrate the 
magnitude of the forces but they are merely intended to illustrate the 
points of action and measurement of the forces F1 and F2. 

35 Figure 5 illustrates the significance of the size and position of the tree, 
and it shows the dependence of acceleration of the end of the boom 
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assembly 6 in the direction of earth's gravity on the pressure of the lift- 
ing cylinder of the boom assembly with trees of different sizes. The 
term "big" refers to a tree, whose diameter at the cutting point is 30 cm, 
whose length is 22 m, and which has been fed with a grapple 6 m 
5 before the cutting, /.a the length to be cut as measured from the grap- 
ple in the feeding direction is 6 m. The term "small" refers to a tree 
whose diameter at the point of cutting is 16 cm, whose length is 12 m 
and which has been fed 4 m before the cutting. 

10 The curve in Fig. 5 shows two cases, but in practice, several different 
curves are used, which all correspond to a certain measured size of the 
tree. 

In the curve of Fig. 5, it has been taken into account that the top part of 

15 the felled tree is supported to the ground, and that a given length of the 
tree with a given size has been fed past the cross-cutting saw before 
the cutting. The schema of Fig. 3 shows the significance of the feeding 
length, i,e. the position of the centre R1 of gravity of the tree R. The 
position of the centre R1 of gravity of the tree in relation to the grapple 

20 is significant in how the weight of the tree, caused by the mass of the 
tree, affects the grapple and the force F1, i.e. the load. If, for example, 
the cun/e "big" of Fig. 5 is used, but less than 6 metres of the tree have 
been fed, the force F1 will be smaller, and a smaller pressure reading 
will be obtained with the same extension, and, when computing by 

25 means of the curve, a smaller expected acceleration will be obtained 
than in reality. The correct curve, which should be used in this case, is 
marked with a broken line. If small inaccuracies caused by these fac- 
tors when using a detemiation method based on the dimensions of the 
tree (diameter data during the feeding) are to be minimized, it is also 

30 possible to take the length L of the tree portion fed past the saw as one 
independent variable when determining the operating values for the 
means controlling the falling movement. Figures shows measuring 
sensors placed in the tree supporting part 1 and indicated in a sche- 
matic manner with the references A2 and A3. One of the sensors 

35 measures continuously the diameter D and the other measures the 
feeding length L from the cutting point to the free end of the tree. As 
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sensors in this part, it is possibie to use sensor solutions fortiie grapple 
of a tree liarvesting nfiachine whicli are known as sucli. 

Tlie simplest way is to determine, by measurement (diameter data 
5 during the feeding of the tree, feeding length and computing software), 
the size of the tree and, on the basis of that, the mass and weight of the 
tree, disregarding the location of the centre of gravity of the tree, 
wherein it is also possible to achieve a sufficient accuracy when using 
the method according to the principle of Fig. 5. The position of the cen- 

10 tre of gravity in the tree can be defined after determining, by means of 
measurement data, the diameter of the felled tree as a function of the 
feeding length (shape) and correspondingly the mass distribution in the 
longitudinal direction of the tree, and when the feeding length is known 
(how much of the tree has been fed f onward in relation to the grapple), 

15 the position of the centre of gravity of the tree in relation to the grapple 
Is also known. 

If the load F1 caused by the tree Is weighed by a weighing device at the 
end of the boom assembly 6, indicated in a schematic manner with the 

20 reference Ml in Fig. 3, the correct value Is directly obtained, which 
already includes the effect of the feeding length of the tree (position of 
the centre of gravity R1). From the reading of the weighing device Ml , It 
is thus possible to subtract the weight (tare) which is due to the con- 
stant mass in the weighing, such as the weight of the grapple, if the 

25 weighing device is between the grapple and the end of the boom 
assembly. In this way, the net load F1 caused by the tree R is obtained. 
The sole independent variables in the weighing method are the pres- 
sure reading of the lifting cylinder of the boom assembly and the 
weighing reading. In this measuring method, it is possible to use, as a 

30 basis, curves similar to that shown in Fig. 5, describing the acceleration 
as a function of the pressure of the lifting cylinder for different weighing 
readings. 

As indicated in Rg. 4, the position of the boom assembly tells, at a suf- 
35 ficient accuracy, the expected acceleration of free fall irrespective of the 
size of the tree. The operating values of the means controlling the 
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dropping movement can thus be set by means of position sensors 
which measure the position of the end of the boom assembly, that Is, 
which give the necessary data for determining the extension, of which 
sensors some examples have been given above. On the basis of the 
5 measuring data, it is possible to set, for example, the open period, 
aperture and closing rate of the directional valve allowing pressurized 
medium to flow from the lifting cylinder of the boom assembly, /.e. those 
of the "dropping valve" to be described below. The moment of starting 
the operation can be determined on the basis of the operation of the 
1 0 saw according to the principles described above. 

According to Fig. 5, the expected acceleration of fall can be determined 
by measuring the pressure of that load-supporting cylinder which is 
released to implement the falling movement. At the same time, also the 

15 load caused by the weight of the tree is determined by weighing, or by 
means of measurement data provided by sensors in the grapple and 
related to the dimensions of the tree and by means of a program for 
processing the data. As shown in Fig. 5, the pressure and the size and 
position of the tree (the weight of the tree and the load caused by it) 

20 indicate the expected acceleration of fall. The operating values of the 
directional valve (dropping valve) are computed on the basis of the 
obtained measurement data. 

Figure 6 shows a hydraulic diagram which can be used to implement 
25 the invention. The figure shows a lifting cylinder 7 which acts in sup- 
porting the load against earth's gravity and in which the direction of the 
load caused by supporting the tree (and the boom assembly) in the 
direction of traction is indicated with the letter G. The cylinder 7 is also 
shown in Figs. 2 and 3. On both sides of the piston of the cylinder 7, 
30 pressurized medium lines 7a, 7b are led from a directional valve 8 
(4/3 valve) to control the direction of movement of the cylinder. The 
lines 7a, 7b entering the different sides of the piston are interconnected 
by a connecting line 9 in which is placed a directional valve 10, so- 
called dropping valve, acting as the control means of the dropping 
35 movement. The valve 10 is an electrically controlled 2/2 proportional 
valve, whose magnitude of aperture can be adjusted. Also the opening 
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rate, closing rate and the open period of the valve can be adjusted. 
When the tree at the end of the boom assembly is to be dropped down 
for a given time, the valve 10 is opened for a predetermined time, 
wherein it releases some pressurized medium, for example hydraulic 
5 oil, from that side of the cylinder 7 which is subjected to the load of the 
tree and the boom assembly. The valve 10 opens the connection from 
the line 7a to the line 7b. To avoid cavitation, a tank line 1 1 with a 
check valve 12 is also connected to the line 7b entering the unloaded 
side of the cylinder. 

10 

The valve 10 receives the control commands from computing means 
which can be a part of the data processing and automation system of 
the tree harvesting machine and which determine, by means of data 
provided by one or more position sensors of the boom assembly or 

15 sensors measuring the size of the tree and a pressure measuring sen- 
sor, the operating values of the dropping valve 10, particularly its aper- 
ture, open period and/or closing rate. Figure 6 shows a pressure meas- 
urement sensor M2 which measures the pressure on the loaded side of 
the cylinder 7 to determine the operating values of the valve 10 in 

20 accordance to Fig. 5. 

If the cylinder 7 is on the opposite side of the boom assembly to that 
shown in Figs. 2 and 3, the load caused by the weight of the tree and 
the parts of the boom assembly acts in the compressive direction, that 
25 is, it tends to compress the hydraulic cylinder. The couplings of Fig. 6 
are thus made analogically; for example, the pressure measurement 
sensor M2 does not measure the pressure in the chamber on the side 
of the piston rod but in the chamber on the side of the cylinder. 

30 According to an advantageous embodiment, the operating values of the 
valve 10 are set so that the acceleration remains constant, inrespective 
of the extension of the boom assembly. Figure 7 shows an example 
how the aperture of the valve 10, the duration of its being open, and its 
closing rate can be predetermined on the basis of values measured in 

35 advance (valve control current i as a function of time t). The principle is 
that the aperture will be affected by the expected acceleration of free 
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fall, which is determined by the determining method of Fig. 4 or 5, the 
duration of being open will be affected by the diameter of the tree to be 
sawn, and the closing rate (deceleration ramp) will be affected by the 
weight of the tree. For example, using Fig. 4 as a starting point, that is, 
5 the extension of the boom assembly is measured e.g. with position 
sensors, a larger aperture (bold line) is used for a small extension (low 
expected acceleration). In a corresponding manner, a smaller aperture 
(normal line) is set for a large extension (high expected acceleration). 
Although information about the properties or effects of the tree is not 

10 necessarily required, when the acceleration is determined on the basis 
of Fig. 4, it is required for setting the closing rate. For heavy loads 
caused by the tree, a longer deceleration ramp is set (nornnal line). 
Thus, with heavy loads caused by the tree, the stop of the movement 
will not be too abrupt. The load can be determined by any of the above- 

15 described methods by weighing or by measuring the size. With a small 
tree diameter, a shorter duration (bold line) is used, and with a large 
tree diameter, a longer duration (normal line) is used, because the 
duration of the sawing itself is dependent on the diameter. Thus, even if 
the measuring or weighing data of the tree were not needed to deter- 

20 mine the acceleration, it is useful to measure at least the diameter of 
the tree, if the duration is to be adjusted. Although the moment of 
starting is at the same point on the t-axis in Fig. 7, It can vary in relation 
to the starting moment of the operation of the saw, e.g. depending on 
the above-described guide position of the cross-cutting saw. Naturally, 

25 not only the above-presented combinations are in use, but the control 
automatics may contain a stored operational curve corresponding to 
each measurement data or combination of measurement data, or there 
can be an algorithm for computing the operating values of the valve 
(aperture, duration, deceleration ramp) on the basis of the measure- 

30 ment data. 

If the release valve 10 is pressure compensated to such an extent that 
the load does not affect the volume flow rate through the valve, the flow 
is dependent on the aperture of the valve. The less there is pressure 
35 compensation in the valve, the more the mass of the tree must be taken 
into account when setting the aperture of the valve. 
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The target value or set value for the acceleration can be determined by 
measurements to predict the acceleration (Figs. 4 and 5), and the 
operating value of the control means affecting the acceleration, such as 
5 the aperture of the valve, is set accordingly. Furthermore, it is possible 
to use the sensors A2, A3 in the grapple to determine the size of the 
tree fed past the saw, Le, the size of the portion to be cut off (on the 
basis of the diameter and the feeding length). This correlates with the 
susceptibility to cracking, and the acceleration can be determined as 

10 the "need of acceleration"; in other words, the aim is not to achieve the 
same acceleration but an acceleration calculated with a correcting fac- 
tor, and the operating value for the control means affecting the accel- 
eration, such as the aperture of the valve, is set accordingly. Conse- 
quently, in practice, the target value or set value for the acceleration is 

15 thus determined by means of two factors: the predicted acceleration 
and the variable indicating the susceptibility to cracking, and the aper- 
ture of the valve is set accordingly. The same measuring sensors of the 
grapple can thus be used to determine both the load caused by the tree 
and the susceptibility to cracking, by the same measurement. 

20 

The invention is not restricted to the embodiments described above, but 
it can be modified within the scope of the inventive idea presented in 
the claims. The cylinder which is released for a short time to accom- 
plish the dropping movement can also be another cylinder of the boom 

25 assembly than the lifting cylinder, and thus, in a corresponding manner, 
the extension must be detennined by using as the zero point the joint 
turned by said cylinder, which is the pivot of the dropping movement. 
Furthermore, it is possible that when operating on the basis of Fig. 5, 
the size/position of the tree or the load caused by it is not measured at 

30 all, but the measuring data obtained from the boom assembly about the 
force or pressure is solely utilized, because the acceleration will change 
most clearly as its function. Also, It is possible that, with predetermined 
extension values of the boom or with predetermined values of the force 
or pressure, the operating values of the control means {e.g. dropping 

35 valve) are constant, whereas within critical ranges {e.g. in the steeply 
rising graph portions of Figs. 4 and 5), the values are set before the 
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dropping function again and again by computing them on tlie basis of 
tlie obtained measurement data. 

Similarly, it is possible that the operation is only in use when the first log 
5 is cut off from a felled tree, but the operation can be used during sev- 
eral cuttings of the same felled tree, wherein before a new cutting, the 
variables are determined again and the operating values of the control 
means are reset. 

10 It is also obvious that, for computing the operating values of the control 
means, there is no need to determine the variables (pressure, force, 
extension, tree diameter, load caused by the tree) as absolute numeri- 
cal values, but it is sufficient that the respective sensors give values 
which are proportional to said variables and which are sufficient for 

15 computing purposes as such. In the same way, the above-presented 
curves are intended to illustrate the principles of determining the oper- 
ating values of the control means, and In practice, the program com- 
putes the operating values with calculation formulas in which the values 
measured by the different sensors serve as variables. 

20 

Moreover, the invention is not necessarily limited solely to apparatuses 
in which the dropping function is automatic, but it could be appreciated 
that one or more operating values of the control means controlling the 
dropping movement is set automatically by any of the principles 

25 described above but the operation of the control means is triggered 
manually at the correct moment, that is, the starting moment of its 
operation is not automatically determined. However, it is obvious that 
the most advantageous solution is to arrange the starting moment of 
the operation of the control means automatically controllable on the 

30 basis of the controls of the tree harvesting machine and the status data 
of its various members. 
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Claims: 

1. A control method for a tree harvesting machine, wherein the tree 
harvesting machine comprises a tree-supporting part (1) with a feeding 

5 means (2) for feeding a tree in its longitudinal direction and a cross-cut- 
ting saw (5) for cutting the tree at selected locations, wherein said part 
(1) is supported by a boom assembly (6) or the like, and at the moment 
of action of the cross-cutting saw (5), the tree-supporting part (1) is 
moved downwards, preferably automatically by means of the control 

10 automatics of the tree harvesting machine, so that the force caused by 
the weight of the tree, tending to bend the tree (R) at the cutting point 
(K) and thereby tending to cleave the tree, is at least partly compen- 
sated for, characterized in that the movement is controlled on the 
basis of one or more factors measured before the moment of cross- 

15 cutting. 

2. The method according to claim 1 , characterized in that at least 
one variable is the extension of the boom assembly (6). 

20 3. The method according to claim 2, characterized in that the exten- 
sion is measured by means of one or more position sensors (A1) of the 
boom assembly (6). 

4. The method according to claim 1 , characterized in that at least 
25 one variable is the force (F2) caused by the supporting of the tree and 

by the boom assembly (6), or a variable dependent thereon. 

5. The method according to claim 4, characterized in that the pres- 
sure caused by the force (F2) is measured from the pressurized 

30 medium system of the boom assembly (6). 

6. The method according to any of the preceding claims 2 to 5, charac- 
terized In that one or more variables con-elating with the size of the 
tree (R) and preferably also with the position of the tree are also deter- 

35 mined and used as one factor. 



• « 

wo 02/45482 



PCT/FIOl/01058 



20 

7. The method according to claim 6, characterized In that one vari- 
able Is at least one of the following: the weight of the tree, the load (F1) 
caused by the tree, and the diameter (D) of the tree. 

5 8. The method according to claims 4 and 6 or claims 5 and 6, char- 
acterized in that both the force (F2) or a variable dependent thereon, 
such as pressure, and a variable correlating with the size of the tree 
and preferably also with the position of the tree are determined. 

10 9. The method according to claim 8, characterized in that both the 
force (F2) or a variable dependent thereon, such as the pressure, and 
the weight of the tree or the load (F1) caused by the tree are deter- 
mined. 

15 10. The method according to any of the preceding claims, character- 
ized in that on the basis of one or more variables, a set value is 
determined for the acceleration, and the movement (F) is controlled in 
such a way that the set value is met. 

20 11. The method according to claim 10, characterized in that the set 
value is determined for the acceleration at least on the basis of the 
expected acceleration. 

12. The method according to claim 11, characterized in that in the 
25 determination of the set value for the acceleration, a variable indicating 

the susceptibility to cracking is also used. 

13. The method according to any of the preceding claims, character- 
ized in that on the basis of one or more variables, a set value is 

30 determined for the duration of the movement, and the movement (F) is 
controlled in such a way that the set value is met. 

14. The method according to claim 13, characterized in that the set 
value is detemnined for the duration of the movement at least on the 

35 basis of the diameter (D) of the tree. 
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15. The method according to any of the preceding claims, character- 
ized in that on the basis of one or more variables, a set value Is 
detenmined for the deceleration of the movement at the end, and the 
movement (F) is controlled in such a way that the set value is met. 

5 

16. The method according to any of the preceding claims, character- 
ized in that the movement Is implemented by releasing pressurized 
medium for a short time from an actuator driven by pressurized medium 
and supporting the load caused by the tree. 

10 

17. The method according to claim 16, characterized In that at least 
one of the following operating values of a valve releasing pressurized 
medium Is adjusted: the aperture, the duration of the aperture, and the 
closing rate of the aperture. 

15 

18. A control apparatus for a tree harvesting machine, which tree har- 
vesting machine comprises a tree-supporting part(1) with a feeding 
device (2) for feeding the tree in Its longitudinal direction and a cross- 
cutting saw (5) for cutting the tree at selected locations, and a boom 

20 assembly (6) or the like for supporting said part (1), wherein the control 
apparatus comprises a control and control means for the cross-cutting 
saw (5), and a control means (10) for contrplling the movement of the 
tree supporting part (1) In such a way that the control means (10) 
causes a dropping movement (F) of the part (1) and the tree to be cut, 

25 which movement compensates for at least a part of the force caused by 
the weight of the tree and tending to cleave the tree at the cross-cutting 
point, characterized in that the apparatus comprises one or more 
sensors for determining one or more variables having influence on the 
dropping movement (F) of the tree to be cut, and the apparatus also 

30 comprises computing and control means which are connected with the 
sensors and arranged to determine the operating values of the control 
means (10) controlling the dropping movement on the basis of the vari- 
able/variables, and to control said control means (10) according to the 
operating values. 
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19. The apparatus according to claim 18, characterized in that the 
control of the cross-cutting saw (5), the control means of the cross-cut- 
ting saw, or the means detecting the position of the cross-cutting saw 
are connected to the control means (10) having influence on the 
5 movement of the tree supporting part (1) in such a way that at the 
moment of operation of the saw (5), the control means (10) having 
influence on the movement of the tree supporting part (1) automatically 
causes the dropping movement (F). 

10 20. The apparatus according to claim 18 or 19, characterized in that 
said one or more sensors comprise one or more position sensors (A1) 
placed in the boom assembly (6) and anranged to determine the exten- 
sion (s) of the boom assembly (6). 

15 21. The apparatus according to claim 18 or 19, characterized in that 
the sensor is arranged to determine the load caused by the supporting 
of the tree (R) and the boom assembly (6). 

22. The apparatus according to claim 21, characterized in that the 
20 sensor is a pressure sensor (M2) which is arranged in the pressurized 

medium system of the boom assembly to determine the pressure 
caused by the supporting of the tree (R) and the boom assembly (6). 

23. The apparatus according to any of the preceding claims 18 to 22, 
25 characterized in that it also comprises sensors (M1 , A2, A3) meas- 
uring one or more variables Indicating the size of the tree, said sensors 
being connected to said computing and control means. 

24. The apparatus according to any of the preceding claims 18 to 23, 
30 characterized in that the control means (10) is a valve which is con- 
nected to an actuator driven by pressurized medium and being 
arranged in the boom assembly (6) to receive the load caused by the 
supporting of the tree to be cut. 

35 25. The apparatus according to claim 24, characterized in that the 
computing and control means are arranged to adjust at least one of the 
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following operating values of a valve releasing pressurized medium: the 
aperture, the duration of the aperture, and the closing rate of the aper- 
ture. 
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